: The chemical library and structures of sonophores. Low fluorescent and near-infrared dyes (IR780 perchlorate, IR140, Atto740 (structure not available), DY831, Cy7, Cy7.5, DY700, DiR and ICG) and dark quenchers (IRDye QC1, DYQ4 and DYQ700) were selected for screening. Figure S2 : Calibration curves from UV/Vis absorbance of near-infrared sonophores in DMSO. The absorbance was measured at varying concentrations (µM) of nearinfrared sonophores as indicated on the graph. The extinction coefficient was determined using the slope calculated for each dye. o C in between measurements. The results show little change (<5%) in size of nanoemulsions, indicating that they are stable in formulation. In BSA, the size distribution appears more polydisperse possibly due to the formation of a protein corona on the nanoemulsions. The pdi of the nanoemulsions increased from approximately 0.15 to 0.60 as soon as it is in serum, but it does not change over time. Figure S6 : Photostability study of the near-infrared nanoemulsions in phosphate buffer saline (PBS) over time, namely NE-IR780, NE-IR140, NEAtto740, NE-IRDye QC1, NE-DY831, NE-DYQ4, NE-DY700 and NE-DYQ700. The UV/Vis absorbance of the nanoemulsions was measured (350-1000 nm, 5 nm step wavelength resolution) and monitored over 15 days. The data were background corrected to PBS. The plots of the absorbance maxima vs. time (days) indicate the photostability of the near-infrared nanoemulsions in PBS. Figure S14: MSOT imaging of the small molecule dyes in tissue mimicking phantoms. Twelve small molecule sonophores were imaged using MSOT. Optoacoustic reference spectra (Supporting Fig. S15 ) were used as references for spectral unmixing using DCLS. The 3D reconstruction (left column) and the quantitation of ROIs (right column) show the specific detection and signal response of each sonophore at the three serial dilutions (high, medium and low). 
